To examine the demographic and workplace risk factors of serious falls and associated economic burden in Canadian health care workers.
Predictors and economic burden of serious workplace falls in health care 
Aims
To examine the demographic and workplace risk factors of serious falls and associated economic burden in Canadian health care workers.
Methods
Fall Injury data during 2005-2008 from a workplace health and safety surveillance system were linked with workers' compensation claims and payroll records. The costs for treatment and wage loss and days lost for accepted time-loss claims were calculated. Demographic and work-related factors were identified to distinguish the risk for more serious falls from less serious falls.
Results
Nine hundred and thirty -eight fall injury claims were captured among 48 519 full-time equivalent workers. Workers >60 years, part time or employed in the long-term care sector sustained a higher proportion of serious falls (>70%). Over 75% of falls were serious for care aides, facility support service workers and community health workers. In the multivariate analysis, the risk of serious falls remained higher for workers in the long-term care sector [odds ratio (OR) 1.71; P , 0.05] compared with those in acute care and for care aides (OR 1.72; P , 0.05), facility support service workers (OR 2.58; P , 0.01) and community health workers (OR 3.61; P , 0.001) compared with registered nurses (RNs). The median number of days lost was higher for females, long-term care workers, licensed practical nurses and care aides. Females, long-term care workers, RNs, licensed practical nurses, care aides and maintenance workers had the most costly falls.
Introduction
In Canada, workers sustaining a work-related injury who require medical visits or time off from work should file for and receive workers' compensation to cover all or a portion of the costs. Injuries resulting in time off from work have the highest potential of resulting in both short-term and long-term disabilities, and thus are among the most costly of all injuries from the perspective of the employer and insurer as they involve substantial losses in productivity and raises in premium. From the workers' perspective, these injuries are the most burdensome and can have negative financial consequences as well as a decrease in quality of life. Predictors and costs of work-related injuries and illnesses have been studied across some industries [1] [2] [3] and countries; however, further details are needed to develop models for predicting the risk of serious injuries. Knowing the demographic (e.g. age, and sex) and workplace risk characteristics (occupation, experience, and employment status), countermeasures can be initiated early on to prevent the more serious and costly falls. The fall injuries in the Canadian health care sector were explored in this study to describe the burden of work-related falls. Falls are a growing area of public health concern as 60 000 Canadian workers are injured annually from falls, which amounts to 15% of all injuries that result in workers' compensation and time off from work [4] . In British Columbia (BC), work-related falls have been identified as a high priority area by both the workers' compensation board and by the health care employers and unions. Workers' compensation statistics in BC report that falls from the same level (opposed to falls from an elevation) have been contributing to .10% of the total annual short-term disability, long-term disability and fatal claims paid for the last 5 years and it is only overexertion and bodily motion that have higher burden than falls [5] . In 2007, a total of 7670 falls were compensated in the province and of this, 990 (13%) occurred in the health care and social assistance sector.
In 2007, the health care and social assistance sector employed 217 000 British Columbians [6] , which accounted for 10% of the provincial workforce [7] . In 2007, the health care and social assistance sector accepted 7529 workers' compensation claims, which resulted in 319 205 days lost from work and $53 326 624 in all claims costs [5] . Injury rates in the health care industry in BC have been consistently higher than the average provincial rates [5] . Health care in BC is an opportune work setting to study the costs of work-related injury as this sector is large and unionized, and its workers are covered by the provincial compensation system and it has a high injury rate. In addition, a surveillance system on occupational health and safety (OHS) of health care workers exists in BC, initiated in 2004 to report all incidents and hazards including those that result in workers' compensation at the workplace [8] .
Employers in BC are required by law to register their business/firm with the workers' compensation system and pay premiums [5] . The compensation system is required to pay for incurred medical expenses (both medical services and supplies), wage-loss benefits and any necessary rehabilitation services when a worker experiences a work-related injury or illness; they also provide pension benefits to permanently disabled workers [5] . Compensation benefits, also known as wage-loss benefits, are based on 90% of a worker's average net earnings [5] .
Previous studies on the economic burden of work-related injury captured costs which attribute largely from the wage loss at work (a small fraction is made up of health care costs) and are based on the wage rate of the workers. These estimates may not represent the entire burden as wage rate widely varies by occupation, experience and education of the injured worker. Here, we also include days lost as a burden measure to overcome the shortcomings of reporting only costs.
Given the current budgetary constrains in health care, sustainability of most OHS programs and interventions depend on providing sufficient return on investment through primary prevention of injuries or reducing the severity of injury and the subsequent burden of disability; this requires comprehensive economic evaluations of work-related injury that takes into account all relevant costs and consequences. The aim of this study is to report the predictors and burden (costs and days lost) for workrelated falls requiring compensation among health care workers in BC during 2005-2008.
Methods
Data from the Workplace Health Indictor Tracking and Evaluation (WHITEä) Database on health care workers in BC were linked to workers' compensation and payroll data. Data were deidentified after being linked on an individual basis. A detailed description of how the WHITEä was constructed and how these data were linked and deidentified has been previously described [8] . Payroll data provided pay records for each single individual for every biweekly pay periods. Payroll data were used to identify occupational groups as well as facility type, wage rate, duration of employment, hours worked, gender and age of workers who were employed at the health region from 2005 to 2008. In BC health regions, 1879.2 h are considered to equal 1 full-time equivalent (FTE) (8) and this was used to calculate the rates in this study. The health region we studied includes hospitals, community care and longterm care sites and employs both direct and non-direct care occupations. The Institutional Review Board at the Simon Fraser University and the Health Region approved all study procedures.
For this analysis, all records with the following standard injury category 'slip, trip and fall' were extracted and those that resulted in approved workers' compensation payments were retained and analysed. Those that resulted in at least 1 day lost from work were considered more serious falls. Since the distribution of the duration of time loss and the corresponding costs did not follow a normal distribution, medians are provided for the estimates of central tendency. Totals, median values and ranges were computed for costs (wage loss and health care) and days lost.
Results
Over the 4 years study period from January 2005 to December 2008, there were a total of 938 fall injury claims (Table 1 ) among a population that ranged from 11 199 to 13 047 FTE workers per year. Around onethird of the study population were registered nurses (RNs), 70% were working in acute care and 87% were female. A total of 601 falls (64%) resulted in time loss from work. For this study, the focus was on serious incidents (n 5 601) that resulted in compensation for wageloss claims. Workers who were .60 years (72%), worked part time (70%) or employed in long-term care (75%) experienced more serious falls. With respect to occupation, care aides (75%), facility support service workers (79%) and community health workers (77%) had a large proportion of falls defined as serious.
In the multivariate logistic regression (Table 2) adjusted for subsector, gender, age, employment status and occupation, the risk of serious falls remained significantly high for workers in long-term care sector [odds ratio (OR) 1.71; P , 0.05] compared to acute care and with respect to occupation, care aides (OR 1.72; P , 0.05), facility support service workers (OR 2.58; P , 0.01) and community health workers (OR 3.61; P , 0.001) compared to their RN colleagues.
Over the 4 years study period, a total of 27 592 working days were lost resulting in claim costs of $3 378 779 with $2 502 672 for wage loss (75%) ( Table 3 ). The longterm sector had the highest median days lost per fall claim (34 days) compared with acute care (13 days) and community care (14 days). The duration of time off per fall for female workers was more than twice that of males (16-7 days) . With respect to occupation, licensed practical nurses and care aides (27 days) had the highest median number of days lost.
The median cost per fall ranged from $1381 to $1616 over the study period (Table 3 ). The median costs in longterm care ($3001) were double that of acute and community care ($1300). Maintenance workers had the highest median values of payments ($2389) followed by licensed practical nurses ($2372) and care aides ($2144). For female workers, an average fall resulted in $1597 claim costs compared to their male counterparts ($811).
The patterns were similar for wage loss only and medical care costs.
Discussion
Our study found that a total of $3 378 779 was spent on falls, resulting in 27 592 days lost from work over the 4 years period for this study population. However, this cost figure only included cases that were reported and compensated. The acute care sector accounted for the mass of the financial burden as expected, as this subsector holds the greatest number of health care workers. However, the rates of costs and days lost were highest among workers in long-term care, suggesting that more serious falls were occurring there. Furthermore, care aides who make up a large proportion of the longterm care working population had high rates of costs and days lost. Using workers' compensation data to quantify the burden of occupational injury is well practised [1, 2, 9] ; however, comparison of cost statistics across studies is difficult because of the differences in health care systems, compensation policy and coverage, components of costs covered, workforce and industries studied. In this study, we estimated costs using data from the provincial compensation system for health care costs (medical services) and wage loss (time loss) payments.
As compensation costs are largely based on salary, it is important to also look at days lost when assessing severity of injury between occupational groups. Licensed practical nurses and care aides had longer durations of median days lost. Maintenance workers and care aides experienced a high rate of median costs. However, there were relatively less number of serious falls in maintenance workers (n 5 11).
This study attempted to distinguish the risk factors for more serious falls. In this set of results, long-term care sector workers, care aides and facility support service workers and community health workers were found to be particularly vulnerable when differences by age, gender, etc. were put in the model. Falls among community health workers are difficult to attend to by the employers, as they work throughout the community in uncontrolled settings. Postal workers who also travel throughout the community have been shown to be at high risk of falls [10] . Adverse weather conditions and slippery surfaces may be the major contributing factors. *P , 0.05; **P , 0.01; ***P , 0.001.
H. ALAMGIR ET AL.: PREDICTORS AND ECONOMIC BURDEN OF WORKPLACE FALLS 237
Strengths of this study were the use of readily available and large administrative data sets and the ability to capture the actual compensated costs for each claim rather than estimating these from secondary sources or using average claim costs. However, this investigation only accounted for reported incidents that received compensation from work, whereas evidently, there are associated costs with those falls requiring no emergency room and general practitioner visits. Moreover, the perspective of the workers' compensation agency often ignores the non-financial impact and the out of pocket expenses of an injury for a worker, which includes costs associated with pain and suffering, lost leisure time, financial loss, distress to spouse or family members, as well as changes in projected earnings, loss in productivity and compromised ability to perform their social and family roles [11] . The estimates here do not provide the entire burden of falls. Boden et al. [12] suggests that the true economic burden from an injury to an employer includes the indirect costs of hiring and training replacements, the impact on the productivity of new workers and coworkers and the administrative and supervisory time devoted to an injury. The 'friction cost method' is frequently used to measure the indirect costs of workers' short-term absenteeism; it discusses how indirect costs from an absent employee include the value of lost production, the extra costs of maintaining production and of filling a vacancy or training new personnel [13, 14] . Other indirect costs include loss of teamwork and communication and loss of motivation and uptake of training [15] .
Other issues surrounding the use of workers' compensation claims to estimate the burden of injury are underreporting as well as rejection of claims [16] [17] [18] . Workers may choose not to file a claim for a variety of reasons like unfamiliarity about the system, legal status and fear of job loss or mistrust that may result from filing with supervisors or even fellow employees [12, 18] . Therefore, it is likely that the true injury rate is higher than what is reported in this study. Although it is recommended to calculate costs of an illness or injury from the societal perspective so that all costs are included irrespective of where the burden falls, there was insufficient available information to consider all costs and thus is a limitation of this study.
This study only captured falls among one health region's workers and there are five other health regions in BC. A detailed paper on the epidemiology of falls has been published previously from this project [19] . The health region that participated in this research is the largest in BC and our previous studies [19, 21] show that workers across health regions are at comparable risk of hazards and findings from this health region should represent the general risk patterns.
Research on the cost of workplace injury has an important role in many aspects of OHS initiatives. Knowing all the associated costs and the health care workers who are at risk will help employers, compensation officials and other stakeholders to identify appropriate interventions and to frame the discussion for appropriate allocations of resources. This information can be used to prioritize designing and implementing preventive measures in this industry and may be useful in other similar industries which are at high risk of falls like food services, hospitality, postal, delivery and community work. If injuries among employees are not appropriately assessed, policy and prevention decisions may not be based on accurate or complete evidence. Furthermore, using workers' compensation data is a great tool for policy makers to use as a safety incentive; however, the economic burden of the indirect costs to the injured worker, employers and health care system needs to be explored as well.
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